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(Si) A method of recycling a used product, and an apparatus for carrying out such method. 



When recycling used products, each product 
is divided (2) into components, each compo- 
nent being of one, or one main, material. The 
degree of degradation is assessed (5) for at 
least one of the materials, and recycling is 
carried out on the basis of that assessment 
Normally, the degree of degradation will de- 
pend on the type of the material, so it is nor- 
mally necessary to determine this after the 
product has been divided into components. In 
some cases the product may carry a label or 
other display which gives information about the 
age of the product, in which case the degree of 
degradation may be assessed on the basis of 
that age. Otherwise, the degree of degradation 
may be determined on the basis of a physical 
property of the material. Physical properties 
may also be used to determine the material of 
each component. 
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The pr sent invention relates to a method of re- 
cycling a -used product. It also relatesTto an apparatus' — 
for recydingaus^cnTO 

controlling stock in -a series of storage sites, which 
method of controlling stock is j)articula rfej3u^ not ex- 
clusively, appljcable^to-recy cling. 

It is becoming increasingly desirable to recycle 
materials from used products. When the product is of 
a single material, such as a glass bottle or aluminum 
can, recycling is relatively straightforward. However, 
most products are made of more, than. one material, 
and also it is not always practical to collect only prod- 
ucts of a single type. Jaref use collection, for example, 
products of many different types will be mixed. 

Therefore, it is also well known to separate used 
products into componentsr each component being 
normally of a single material. Sometimes^where one 
product of a mixture of products is made of a single 
material, that product itself may be considered a 
"component" and separated from other products in a 
mixture of products, but normally more complex prod- 
ucts will have to be broken down into separate com- 
ponents before recycling can occur. 

The method used to separate the components 
will depend on the types of products. For example, 
US Patent Specification No. 4.187,775 prpposssihat — 
a mixture of products be separated into components, 
with those components identified according to the 
type of material and also to the source of the product. 
As a further development, in order to more clearly 
identify the components in a product, the products 
may be disassembled or crushed. This is also menr 
tioned in US Patent Specification 4,187,775 referred—: 
to above. ~V V ^ " 

In the known recycling methods discussed 
above, it is assumed that the material of a component 
can be used directly once that component has been 
separated from the used product, or from a mixture 
of used products. It has been realized. that this, is not 
applicable to materials which change their nature with 
time. For example, plastics or rubber materials will 
normally degrade with time, and metals may have in- 
creasing amounts of oxidation. Hence, simple sepa- 
ration of the used products into cojnporients of differ- - 
ent materials may not necessarily result in suitable 
materials for recycling. 

Although the existence of such degradation of 
materials is known, it has not pf eviously" been taken * " 
into account in recycling. Therefore, in a first aspect, 
the present invention proposes that the degree of 
degradation of materials of one or more components 
of a used product is assessed, and then the^recycling 
of the component be n the basis of that assessment. - - 

Normally, with this aspect of the- pr s nt inven- 
tion, it is first necessary to divid th used product 
into separation components. Normally, each compo- 
nent will be of one material only. However, sometimes 
it is impossible to ensure that the component is of only 
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one type of material, in which case th assessment of 
the degree of degradation will be on the basis of the 
principal material present in the component ; / 

Thus, for example, if a component is of aplastics 
material, the degrees of degradation can be assessed 
prior to anyJurtherrecycling of that-component . If the 
degree of degradation is so great that the "component 
is unsuitable for making further products./then it can 
be discarded. Otherwise, the use of that component 
can be selected on the.basis.of the degree of degra- 
dation. '■ " .-_= ." ■ ^ - 

It should be noted that an article entitled "Material 
Grade Classification System for Recyjcjed Plastics* 
by E.G. Christiansen, published in Reg ionaj Technical 
Conference on Plastics Recycling in- New England, 
(1991) pp 119 to 127 proposed that a-starrdard clas-. 
sification systern should be es^ablfsheclTo enable as- 
sessment of the quality of- a recycled prociucttQ be 
made. That article was a theoretical analysis pf the 
need for such a classif icatioa.system which classifi- 
cation system did not exisi„at_fhe,time of the article. 

There are many ways in which-the degree ofdeg- 
radation of the material of the compori'en£can be as- 
sessed. -In some cases,- the age- of -the, material may 
be available from information about- the* product In 
that case, 'Ih'e^ssessment mayT3e"c^rie1cTdufbh the 
basis of the age thus determined. For example, prod- 
ucts often carry labels or other displays which indi- 
cate manufacturing information, and that manufactur- 
ing information may enable the date of manufacture 
to be determined, eithe^because it is-present within 
the information djsplayed, oi^because if-can be-de-- 
rived from e.g.,a database. However, in many cases,- 
such infomiation yHIt pot be available^, in [.which case 
the degree of degradatio n wil l have tor be assessed by 
making measurements of physical propertiesTof the" 
component, and by comparing those physical proper- 
ties with reference values for the materials of the-conv 
pone nt Fp r. exa rhpl e" as a plastics, matgrjal degrades; 
its color or its densjlymay chan^e""aricJ this wilf eriabie- 
the degree of degradation to be determined. 

It should be noted that such assessment of the 
degree of degratfatiorTmay depend on- the "materials 
of each ..component: Some-materials, will degrade 
more than others J nV given tntfe. depending- on the 
conditions to~which- the product has been exposed. 
Therefore, it is normally necessary to identify the or 
each material forming .each cqmj>onent before the as- 
sessment is earned out Also, for any given used prod- 
uct the present invention need not be applied to all 
the components thereof. For example, itone.of the 
components is of a material which does^noCdegrade, 
then that material can be recycled directly. The pres- 
ent inventiorHherr needs -to be applied only-to those 
materials which are likely to have degraded. 

It may not always be possible to determine the 
degree of degradation for all components. This is par- 
ticularly true when the components are of composite 
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materials, since it may be difficult to establish degra-, 
dation references against .which th degradation of. 
any particulapcomponent can be assessed. Then, it 
will be necessary to estimate the degree of degrada- 
tion of those components^Such estimation then rep- 
resents part of a second, independent, aspect of the 
present invention in which jthe. degree of degradation 
of at least one of the components is assessed, whilst 
the degree of degradation of one or more other com- 
ponents is estimated. Recycliryg-ts-trreTi cafried-out on . 
the basis of the degrees of degradation ofthe-respec- 
tive components. 

Preferably, the estimating p.tthe degree, of deg- 
radation for those components where measurement 
of the degree of degradation is^pot practical is on the . 
basis of the assessment .of the degree of degradation^ 
of those components where that assessment is prac- 
tical. Since the components come, from the. same 
used product, it; can be inferred thartheyjhave been 
exposed to similar con9|4tknTsTjh erefore, if the de- 
gree of degradation of onejcgmponent'can be as- 1 
sessed, e.g. by measurement of„a physical property . 
of that component, then that degree of degradation . 
corresponds to a val ue 1 for the lifetime of the used 
product. Ubiiiu that ii ret ime t hus J deter fl m iried fc .th e d& T?" 
"gree of degradation q^other- CQr^pae _nj tsjcan be es- 

timated. , . \, 

Of course, the jifetime determination thus carried 
out may not represent the^true lifetime of the product, 
but represents a "degradation lifetime^re a lifetime, 
corresponding to particutaTponditioFis.resuJting in the 
degree of degradation determined. For example, de- 
grees of degradation of plastics materials can be»es&. 
tablished assuming those plastics materials are con- 
tinuously exposed^ to external- conclitipns, a nd, then 
the degradation lifetime, of the used product can be . 
determined on the basis that ithas^b^oxpritinupusly ■ 
exposed (even if this is not the, case). Then, ttje'de-. 
gree of degradation of other components can be es- . 
ti mated, using the degradation lifetime of the product 
thus determined, and the exposure on which that deg- 
radation lifetime is- determined. 

It should be noted that although the present in- 
vention has been discussed above with reference to 
a method of recycling used product the present in- 
vention is also applicable to an apparatus for recy- 
cling a used product, in which a series of process de- 
vices carries out the; steps discussed above. 

When recycling is carried out, one process in the 
r cycling step will depend oncmaterials produced. at 
an earlier step. For example, as described above, jt 
is normally necessary to determine the material of*, 
any one component before the degree^of degradation 
thereof can be assessed. On the Qthec.h,and,,a suffi^ 
cient amount of. any given component may be neces-: 
sary before .the degree of t degradation. can be. as-. , 
sessed, and any subsequent . recyding-oWhst jrompcfcr . 
nent may itself need- a sufficient amount, of the mate- ; 
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rial. However, in recycling, the amount of any on ma- 
terial in a us d product, or the number of used pr d- 
ucjts collected together, is .not normally predictable. 

, r The used products present'within a refuse collection 
may vary greatly, and thus it is riot easy to control, the 

. amount of material for each process. For this reason, 

.recycling operations normally require that each proc- 
ess have an associated storage site (stockyard, etc) 
} in. which material for use. in the process is kept until' a 

. suitable amount is available. It should be noted that 
the term "storage site" includes any site in which stock 
can be kept, including a hopper, bin, as well as a stock . 
room or stockyard. 

... . Therefore, a third aspect of the present invention 
.addresses the. control .of the movement of stock 
among the storage sites of a series of processes. 
Whilst this third aspect has been developed primarily 
for use in recycling, it is .applicable to control stock of 
( storage sites of. other processes, and is therefore, an 
. independent aspect of .the' present invention. In th|s 
. third aspect, it is proposed that a transfer of material 
to or from the storage site. of one process, is basedViot ' 
only on the amount of* material in the immediately pre- 
>f:: ceding or succeeding storage site, but also in the rate 
.-of change of rpaterjal in aji earlier or later storage site 
in the series. .This enables more accurate ppntrbi of 
the stock to be kept, thereby enabling the size of the 
.storage sites to he minimized, and/or .to enable the . 
processes to operate at maximum efficiency. 

An embodiment of the present invention will now 
. be described in.detail„,by way of example, with refer- 
ence to the accompanying drawings,, in which: 

Fig. 1 is a. schematic, block diagram showing the 
main components of,a recycling system for used , 
products^ according ; to ^an embodiment of .the 
present invention; . . t _ 

, Fig. 2 is a block diagram illustrating the transfer 
of materials between successive processes for, 
the embodiment of Fi,g. 1; 
, _ . Fig. 3 is a f low.chart shpwing the process carried 
out by a transfer control unit in the embodiment 
of Fig. 1; 

Fig. 4 is a chart showing.thexelattonship between 
the properties of different plastics materials; 
Fig. 5 is a schematic diagram. showing the sepa- 
ration of plastics materials from a mixture there- 
of; , t, " .'. 
Fig. 6 is a^flow chart. showing the separation of 
plastics materials frorn ad mixture thereof using 
physical properties of the. plastics materials; 
. Fig. 7 is .a graph showing the change in color of 

polycarbonate resin with time pf exposure; 
. . Fig. 8 is a graph showing tlie change in break 
... ^ point longation. with .exposure time for various.. 
. "... plastics materials;. , f ^ „ 

Fig . 9 is a,graph s\m\\ ar to.Fig. 7, but^fipvyi ng the 
chang in color of. polycarbonate^resin und r sev-^ 
eral different exposure conditions; 
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Fig. 10 is a graph shewing the chang of abrasion * 
loss of poiyether solfone resin; and * * 
Fig. 11 is a block diagram showing an apparatus " * 
for controlling recycling resource material for use 
with the embodiment of Fig. 1. * ^ ; ' : 
Fig. 1 is a schematic diagram showing an em- 
bodiment of a recycling system for used products irr 
accordance with' the present invention. 

As shown in Fig. 1 , the system has a product iden^ " 
tifying process 1, a disassembling process 2, a com- 
ponent identifying process 5 comprising a component 
indication reading portion 3, a physical property 
measuring portion 4, a component dividing process 6, 
a recycling resource material producing process 7, a 
recycling resource material identifying/grading proc- 
ss 8, and a product manufacturing process' 11 com- 
prising a renewed component/member manufactur- 
ing portion 9 and a product assembling portion 10Mn 
addition to these processes, the" system also has a 
transferring means 12 for transferring components 
between the various processes, stockyards' 13 for " 
products, components and material, one of a grade 
identifying/dividing control apparatus 14 for compo- ' 
nents and recycling resource material; a transfer cdn-^ 
trol unit 15 for 1 controlling the ih put arid the'output ^ 
from and transferring of the stockyard for each of the 
processes. 

It should be noted that although the term "stock- 
yard" has been used in the above description,' this: V; 
t rm in the present specification is not limited to a " 
specific area "of land for storage; and includes any" ' 
storage site, such as a bin, hopper/ or stock room. J 

Used products are collected 1 from consumers 
through retail stores or collectors and transferred " 
(100) to a collected article stockyard 13a at a works* / 
or some other.place for temporary storage. 

Then the product is transferred (101) to the prod- 
uct identifying process 1, in which any display or label 
attached to a product such as model number, product ' 
number, lot number, manufacture name, manufactur- 
ing date of the product is read. This permits the time 
from manufacture of the used product to be deter- 
mined directly based on the display or label. Also in- 
formation about the disassembling procedure' for the 
product, the structural members of the product, they 
types of materials of components, the'miin material 
of the product the use of the product, the manufac- 
turing date, and whether or not the product already 
contains recycled material my be obtained f rom a da- 
tabase. Any used products unfit for recycling; e.g. ar- ^ 
tides which are too old'or are damaged, are thrown;' 
away (1 02) based on the information from the display- 
or label or from visual observation. 

In the disassembling process ^, tfie used product 
is disassembled according to the information or*-' 
tained aboufits disassembling procedurel^isasseirt- - 
bling is performed by hand or by ah automatic disas- ; 
s mbling machin such as a robot The important 
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components of the used product may be determined 
from the order of disassembly according "to theMnfor- 
mation about the disassembling procedure for each" 
product. * 

When the information about structural members; 

" types of materials, manufacturing bate; or for main 
material, use, manufacturing date" is derived from" a 
database, the used articles can be graded using the 

! information. The used articles which cannot be grad- 
ed here are graded in the component identif ying proc- : - 

r ess 5, which is described below. 

In the component identifying process 5, when the- 
disassembled members or components 103 have dis- • 
plays or labels, permitting information to be derived 
as discussed sibove, the degree of degradation of dis-^ r? 

^assembled members -or components can be' as-* 

r sessed by mearisxrf deriving the" information directly 
from the information^ erived tfy the component indi- - 
cation reading portion 3 or from the' database in the 
same way as in the product identifying process 1 . The 
used articles, which cannot be assessed here or do' 
not have displays or labels, can be assessed from the 
results of combinations of various physical properties 1 

' measured in the physical property measuring portion 

: 4. The main ingredient can be also specif ied with ma- - 
terial dividing means taking" into Account the shape, 
dimension, weight and so on. The degree of degrada- 
tion may be visually specif ied as V/elJ as the measure- 

s z ment of physical' properties described above. 

The' members or components, which have had 
their degree of degradation determined in the proc- 
esses above, are divided ihtd grades corresponding 
to different degrees of degradation in the component^ 
dividing process 6 such as high grade A material 105r l 

i low grade A material 106, low grade B material 107. 

* Any components unfit for recycl ihg, "e.g. which ^re tod r: : 
old or which have a farge degree of degradation or 

: which have large amount of mixtures 1 of materials are 
thrown away (108): Components' having a relatively 
recent manufacturing date may then be reused the 
product manufacturing process 11 6'r are produced as 
a recycling resource to be used for "manufacturing ~ 
new components. Thus, the component 1 identifying ; 
process 5 and the component dividing process 6 may 
be constructed to be combined as' orie' process. 1 " : ' r ' 
The displays or labels on the products; members 
or components in the above process mayinclude:' (1) 

* letters or signs, (2) bar codes, (3) marks marked with 
detectable chemical reagent such as fluorescent 
chemical reagents added to materials in advance.- 
The means for detecting the displays or labels may be 

* visually performed for letters br signs, or by a ma- 
: chine for bar codes. Where detectable chemical re- 
agents are used, ah apparatus to detect the kind or 
concentration 'of the chemical reag nts is required. 

Identification^ ''-of componen'ts^by -measuring is 
performed using measurements based on bn or a 
" combination of the following ^measured physical prop- 
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erties of the structural components: color density, der 
formation temperature (the temperature at- which a 
material starts to- deform), brittle item peratu re (the 
temperature at whitfr a material becomes brittle), 
break point elongation, refractive index, thermal con- 
ductivity, volume specific resistivity, withstand, vol- 
tage, dielectric constant, and then the components of 
materials are judgecVand the purity and the degree of : 
degradation are specified, based on the differences 
between the physical properties. Then, the materials 
of identical kind are graded.- . , -r- - - 

Next, in a recycling resource material producing ■ 
process 7, optimum jrecycling. resource producing-, 
processes 7a, 7b, 7c for each of the* grades for the a 
components of materials and -the degree of.degradar * 
tion are selected forthe graded, components .lOSvtcis 
1 07 respectively to. produce reusable materials. In the • 
recycling resource materialproducing process 7, the*:: 
components are cleaned, paint removed and crushed, 
if necessary. ; - ; ■ ■ » : i - , ■ 

Low grade components! of low. purity. or:high,de- 
gree of degradation may be upgraded by adding a re- 
forming agent after being melted by heating or by mi- . 
crowave irradiation- if necessary. This is not .neces- 
sary for high grade components ofrhigh purity or low 
degree of degradation. The following agents, for ex- - 
ample, may be added as the reforming agents for 
plastics materials: plasticizer of 5 — 30% such as- es- 
ter phthalate, stabilizer of 0.05 r- several % suctras .* 
lead stearate for PVCord is placed -phenolsfor polyo- - 
lefine group plastics. Non-melting impurities may. be 
separated and removed with a f ilter.af ter the material 
is melted. This process may include a performance 
developing processor converting process in which the 
material is converted into other materials by chemical - 
treatment such as decomposition/polymerization, or . ; 
mixing without separation. Recycling is performed sc . 
that polyeurethane, forexampie* is crushed; an acti- . 
vator for glycol decomposition is added, .and thsa 
polyole is produced as a raw material. ■,- t ~ 

Each of the recycling materials produced 11.0 to 
112 is specified based on the measured: physical, 
properties according to each of the gradesSa, 8b; 8c; 
and graded based onthe results of the recycling re-..: 
source materialidentifying/grading process 8. Forex- x 
ample, recycling materials 110.^-111 produced f rdm , 
material A are graded into high grade* 113, middle * 
grade 114, and low grade 115, and the recycling ma-: 
terial 112 produced from material B is graded into high- 
grade 117, low grade 116j Ths Fecyding:resource ma-^ 
terial identifying/grading process 8 makes use of one 
or combination" of the physical properties: of the^pro-: 
duced recycling material and the produced recycling.;, 
material is identified based dri trie difference • be- . 
tween the measured physical 1 property :and a stan- : 
dard physical property (derived e.g. from a calibration - 
table which relates the amount of degradation to. the j. 
physical property being rmeasureri). -The following : 
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properties may be mployed for identifying perfor- 
mance and grading: color tensile strength, tensile 
elongation, bending strength, break point elongation, 
bending elastic modulus, compression strength, Izot 
impact value, and/or Rockwell hardnessr 

. Renewed component/member manufacturing 
processes 9a, 9b, 9c,*9d are selected depending on 
the grades of the graded produced recycling resource 
materials 113 to- 117 in the product manufacturing: 
process 11, and new^products, are manufactured in 
the product assembling process 10.: t.zia 

Identifying and dividing^the composition of L com- j 
ponents, the degree of degradation in the component 
identifying process 5 . and in the component dividing,- 
process 6, selecting the-treatment; processes in the - 
recycling resource material producing. -process 7. 
: identifying the performance, grading, selecting the 
renewed component/member manufacturing process 
9 are controlled by a grade identifying/dividing con- 
trol apparatus -14 for components and -produced; recy- 
-cling resource material. Information; forthe database, 
■i: used to derive information from displays or labels on 
* the products is also ntanaged here. For identification 
of the materials, of components by measurement- of 
physical; properties, assessment^ carried.out abased; 
on information ;de rived from a comparison between, 
the measured data and a physical property database 
for standard materials stored-in^this apparatus ^14. In 
: addition, the apparatus also performs delivery^rans- 
ferring control for dividing the co.mponents based on- 
the specif ied grade. .;.jr v •• ■ ' 

In each process, any surplus of components or 
material before the process and the processed; arti- 
cles after the process are stored in stockyards 1 3 for 
products, components.: or material, placed before 
: and/or after ench of the processes,; and .transferred 
. according to need. The input to and output from each 
stock room and- : ;operating. rate of the transferring 
: means are controlled by : a. transfer control unh 15. 
•The means for transferring articles between the proc- 
■r. esses is performed by belt conveyer or truck. Each of 
; the processes may Deinstalled inside; a works : or a 
site, or may be installed at different sites. ^ 
■ Fig. 2 illustrates, a control process in the transfer- 
ring control unit -jl 5, in accordance with- this embodi- 
ment of the present invention. Fig.. 3 shows the ccn- 

- trolflow. -■ : i r . . . c- 

.3 Fig. 2 shows five processes (process A21a, proc- 

- ess B 21b, process C 21c, process D 21 d, process D 
21 d), stock rooms; (stockyards), for each process 
(stock room A r -22a,. stock room B 22b t stock- room G 

-22 c, stock rocm D 22d, stock room E 22e) and trans- 
ferring means 12 foi transferring- articles between 

..processes. Although the stock room for; each of the 
processes is provided before -(in) t) or after (exit) 

rieach of the processes, the. stock rooms may be pro- 
vided both before-and after the : process, -or may.bc 

. ■eliminated depending on the distance between .the 
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processes. " - 

Input of components or material into a process is 
controlled on the : basisof the amount of stock in the * 
stock room of the immediately preceding process and 
the change in the amount of stock in the stock room - 
preceding the immediately preceding process. On the 
other hand, output from>the process is^controlled on 
the basis of the amount of stocfc in the- stock room of 
the immediately succeeding process and the change 
in the amount of stock in the? stock room of the process 
succeeding the immediately succeed i rig process.- By 
controlling the processing speed- in each of the proc- 
esses as well as the input and output ^thereto, the 
amount of stock in each stock room can be" minimized: ^ 

Such control of me" stock in a stock TOom (stock- - 
yard) is componenticularly imp'ortant^in recycling in" 
that the amount of material available forthe^process : 
is unpredictable; In manufacturing, new products, raw- 
materials are supplied at a rate which depends on the - 
number of new products to be* produced in a given 
time, and it is normally assumed that the refw materi- * 
als can be supplied at leastas-fast as the new prod- 
ucts can be produced therefrom. In-recycling, how- 
ever, it is not riefmally possible- to determine in ad- * 
vance how mtiGhof a~- given material' will be obtained— "• 
from any collectiorvof used products, and therefore it 
is normally necessary to maintain a stock of materials - 
until the amount of material has reached a level-which 
is sufficient for the next process'tof-be- darned out on - 
that material. If large stock roorfis are to? be avoided, 
efficient control of the stock in the stock rooms, and 
the transfer therebetween, is needed. Thus, as dis- 
cussed above, -the present invention proposes that 
the input to a given process is determinedi&Ot only on 
the basis of the amountof stock 1n the preceding stock 
room, but also takingfinto a'ccdunt-The rate Of change 
of stock in an earlier stockrodm-irt a sequence of proc- 
esses. Similarly, the output from a stock roofrPis'de- 
termined not only on thebasis of the amounVof stock 
in the stock rodm of the-process (to which it Ms to be 
transferred, but also taking into. accounfcthef amount 
of stock in the next stock room in the^-series. . .* ' " : ** 

Taking process C as an example, the "control of 
the input to process G will be described 3 In detail,* re- * 
ferring to the flow chart in Fig. 3; In Fig;^. Zfcc is the 
input to process C, V a is-the amount of stock at pres- ^ 
ent in the stock room C preceding process C, V BI be- 
ing the amount of stock at presents a stockyard B at 
the exit of the immediately preceding process, AVa, is 
the change in the amount of stock in the stock room 
A at the exit of the process preceding the immediately 
preceding process. Then control of the input to the 
process C (Z BC ) is determined as follows. Forprimary " 
control, the amount of stock in th stock roomB (V^) : 
is compared with a reference value Vq. If theHnputVBf • 
is larger than the reference value Vo, Zb C is increased 
by aZbc corresponding to the difference. If tthe Input - 
VB f is smaller than the reference value V 0 , Zee is de-- . 
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-creased by AZ Be corresponding to the difference. 

• Next, as the secondary control, the change in - the 
amount of stock* AV^ in the stock room A is compared 
with a reference value AV D . If the change is larger than 
the reference value, Zee is increased by=AZ* BC corre- 
sponding to the difference. If the. change is smaller 
than the reference* value, Z BC is decreased by AZ' BC 

- corresponding to the differences. The final value 
ZAZsc is determined by combining the.:result of the 

s primary control and. the result of the secondary con- 
trol. The predetermined values V 0 and aV^are deter- 
mined based, on the maximum -amount s-which the 
stock rooms can 'hold and the processing speeds of 
the processes. However^ since there is a limit value 
in the input to the processdue tothe Irmifein the proc- 

- essing speed^ofithe process, ZAZec needs^to be linv 
■* ited by the maximumscapacity of incomings Zedmax. 

the final control result cannot exceed 2 BCmax . There- 
fore, when ZAZfec exceeds 2 BC mkx; EAZbc = ^BCmax- On 
the other hand, when the processing speeds of the 
processes are controllable, such a limitation is not 
necessary. Similarly, the processing speed may be 
increased/decreased using the- reference values for 
stock amount V 0 and for change AV 0 - Further; when 
the control is performed using' both of the input and 
the processing speed, the accuracy of control is fur- 

• ther increased. • 

' Although the control of the input to:the process C 
has been described above, the output from process - 

• C may be similarly controlled; using the amount of 
stock in the stock room immediatelyof the' succeedr 

■ ing process, and change in the amount of stock tn the 
one process succeeding the immediately succeeding 
process. 1 

For the starTand end processes, which do. not. 
have preceding or succeeding processes, control is 
performed using only, fhe/mfqrmation Obtainable: For. 
example, when -the information about the amount of 
stock of collected articles in a retail store and a col- 

- lector is obtainable, the control of the input to the 
: - stock room for collected articles at the inlet may be 
r. performed using, such 1 information. If the information 

is hard to obtain,, only. the output is controlled using 
" the information in the: subsequent processes. Simi- 
larly, the control at -the- exit. j(i.e...a. manufacturing 
r process) may-.be performed "using the information 
. * from a wholesale store and a retail store. If the infor- 
mation is hard to obtain? only the input is-controlled 
using the information in tthe preceding processes. 
An example ofthe>opera*tions used in the compo- 
*■• nent measuring/identifying process: and in the com- 
ponent dividing -process in a used product renewing 
. system according to the. present invention will now be. 
described, with reference to Fig. 5. . 

. When density is used asihe physical 'property for 
r dividing plastics 1 , materials, for example, since the- 
d nsity of polyethylene (RE) resins is 0:90 ?~ 0.9a,the 
. density of polypropylene (F*P)£resins is1).90 — 0.96, 
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the density of polystylene (P.S) resins is 1.02 — /M5, 
the density of ABS resins is 1.03 1.09, the density 
of polyvinyl chloride.(PVC) resins iSul .35 — 1 .44, plas- 
tics materials in components of used products can be - 
divided into three groups: PP resins and PE resins; c 
PS resins and ABS resins ; .PVOresins. 

When the-deformation temperature is used as,the * 
physical property for dividing plastics materials, the 
material is gradually heated whilst being compressed , 
at a constant pressure. The initiation of deformation 
may then be detected by a strain gage. Jhe type and 
the purity of the material can be determined from the 
temperature at the initiation of deformation.- r . 

For PET resin, for example, the deformation tern-.. , 
perature is at?ove 130°C and is therefore higher than 
that of other the rrno- plastic resins (PP, PS, PE, PVC 
etc.). Therefore, PET resin can be identified. For 
glass fiber reinforced polypropylene, although the de- 
formation temperature for the virgin material is 140°C, 
the deformation temperature after three repetitions of 
melting and freezing is decreased to a value below 
130°C. Hence, the degree of degradation can be as- 
sessed. By measuring the relationship between im- 
purities and deformation temperatures in advance to 
make a database, quantitative assessment can be 
achieved. . t . : ~ ._. 

Other methods for identifying/dividing plastics i, : 
materials based , on the physical properties 1 can be ^ 
used. When brittle temperature is used asJthe ph.ys- !: 
ical property for identifying/dividing plastics matenVn 
als, the material is gradually cooled whilst being com- 
pressed at a constant pressure (similar to the case, - 
using deformation: temperature) Then the initiation of .... 
crushing is detected to determine the type of plastics.;, 
material. . * : v - . -#»;.* 

When crushing plastics material at a given tern- 
perature, dividing. can be. performed based on the dif-. : 
ferences in size of fragments, depending on the brittle 
temperature T B . When materials are a mixture of; for >.< 
example, PE.(T B :-~40 100°G), PP (T B :-10 - -30°C> , - : 
and PVC (T B :80°C),.and are fed to a crusher at a tern- 
perature of-20°Cythe crushed material can. then-be. 
being screened. Since the brittle temperature of RVC- 
is high, PVC is crushed.into small fragments and can c 
be divided from PP and PE. for which the fragments < : 
are large in s|ze. 

Dividing a mixture composed of many kinds of . 
plastics materials, can be^ performed by repeatedly, 
crushing the mixture while the temperature is, being 
decreased step- wise. to separate, plastics of succes- . 
sively higher brittle temperature from the mixtureone. , . 
by one. This is shown in Fig. 5.- Firstly; the mixture of - 
plastics is fed into a first crushing/dividing machine;41- 
set at room temperature, being screened after jDeing^ 
crushed. PVC has.a brittle temperature- higher than, 
room temperature, and is therefore crushed into frag- . tA - 
ments small enough to pass through; the. mesh jDf 
screen to be separated; Next, 'the- mpcture 'js fed int 
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a second crushing/dividing machine 42 set at a tarn- 
; perature of approximately -20°C and PP can be sepa- 
rated in the same way asabove. Finally the mixture 
is fed into a third crushing/dividing machine 43 set at., 
temperature of approximately -90°C and PE-can be. 
-.separated. 

' i Th eiTnal. conductivity, can also be used for divjd- - 

- ing/identifying; : plastics : . materials,., The thermal t con-. 
ductivity of PE, for example, is 8.jr ; 12 (10r* 
cal/sec/°C/cm) and is much larger/than that of other . 
thermo-plastic resins (for example, that of PP is 2.8). 

; Therefore, identifying and dividing using thermal con-: 
ductivity is possible. • 

Furthermore, volume specif ic resistivity can be 
used for dividing/identifying plastics materials. The 
volume specific resistivity of-.ABS, for example^ is 
10 13 - 10 16 (H/cm) and is much lower than those of 
other thermo-plastic. resins (except PVC). Therefore, 
volume specific resistivity can be used for dividing 
and identifying ABS from other thermo-plastic reains. 

The difference in behavior in respect of friction- 
inclucled electrostatic charge can be used for divid- 
,:ng/identifying plastics materials. For a mixture,, for 
example, which js comoosed of approximately the, 
same amounts ;Of PP andPE, the mixture is forrned . 
.into particles, the part icles rybbed against each other - 

: to be charged, and then dropped down through a elec 7 
trie field. The-mixture can be separated with yields of 
, 98% of PP onjhe positive electrode side and 97.1% 
of PE on the negative electrode side, since PP re- 

- ceives a negative charge andPE receives a positive 
charge. : ^ \ • . 

To separate vPVC from. a mixture composed, of 
. many kinds pi ^as^ics ; .materials, PVC is separable .. 
since only PVCreceives a negative charge. In apply-. 

r ing the friction electrostatic charging method to a mix- ^ 
ture composed of PVCof 31%, PET of 62%, PE of 3%. 
and paper cf 4%, the. mixture can be separated with 

: - yields of PVG t pf ( 95% and PET of 99.5%. " : ' 

The difference.in behavior in response to irradia- 
tion of X-rays can alsoie used for.dividing/identifying . 
plastics materials: When PVC is irradiated with -X- 
rays, secondary X-rays are emitted from excited 
-chlorine CI atoms in PVC.^and can be observed -as a 

- fluorescent X-ray. Therefore, PVC can be estimated 
and divided by detecting the fluorescent X-ray. 

The control method for dividing' using physical 
properties will be described below. 

Identifying and separating materials and degree 
.- of degradation for a mixture composed of many kinds 
.of plastics can be attained by means, of combining in 
a cascade the materiaUdentifying/drviding methods- 
■discussed above., Big. 4 shows method .and condi-, 
-lions suitable-foMdentifying and separating typical 

- thermo-plastic resins. As shown in Fig. 4, separating . 
■—many kindscf plastics materials using only one meth- 

_d is difficult and multiple methods,rnust be : used. Fig; 
.6 is a control, flowchart of a material dividing method 
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for thermo- plastic resins constructed -by combining 
these methods." - - * 

From a mixed plastics resin composed of PE, PP, - 
PS, PVC, ABS and PET, PET (deformation tempera- ^ 
. ture is above 130°C) is separated with the identify-- s 
ing/drviding method using deformation temperature. 
Next, PVC is separated from the mixture by identify- ■ 
ing those components 1 which have a density greater 
than 1.3, since 1 fig. 4 shows that only PVC has such 
a large density. A mixture of PE, PP, PS and ABS re- 10 
mains. Next, ABS (volume specific resistivity is 10 13 ) 
is separated with the identifying/dividing methocl us- 
ing volume specific resistivity. PE (thermal conduc- 
tivity is 8 - 11) isseparated with the identifying/d'rv- ' - " 
iding method using thermal conductivity. The re- 15 
mained mixture of PP and PS is separated into PS 
(negative electrode side) and PP (positive electrode 
side) with the identifying/dividing method using fric- 
tional charge. Thus, the mixed plastic resin is divided 
into each type of material. — 20 

Instead of making use of density, PVC can be - 
separated by means of a dividing/identifying method 
using fluorescent X-rays as shown in Fig. 6. Also, for 
the mixture ofPE,PP and PS, a dividing/ method other 
than described above can be used. Using deforma-- 25 
tion temperature; the mixture is divided into a mixture - 
of PE, PS and a mixture of PP, PS. Thenveach of the ; v 
mixtures is divided into PE, PP, PS respectively using - 
a identifying/dividing method using f rictional charge. 

Once the various components of -the "mixture " 30 
have been separated, it is then necessary to assess 
the degree of degradation thereof. As mentioned pre- : . 
viously, when information about structural members, 
types of materials, or manufacturing dates; has been 
derived from a label or other display on theused pred- -'35 
uct, or via a database making use of information dri a : ' ' - 
label or other display on the used product, the com- - ' 
ponents can be graded using such information.* if 
such information is not available, however, the corS- 
ponents must be graded (re the degree of degradaP 40 
tion must be- assessed) from the compoTtents" them- : 
selves. Then, in the component identifying process 5,^ - 
the materials of the components are first identified, 
and then a physical property of those components is 
measured by the physical property measuring portion "45 
4. : 

Many different physical properties may be used - 
to assess the degree of degradation, and different a 
physical properties will be appropriate for different 
materials. One physical property that may be used is so 
the color of the material. For example, polycarbonate ' 1 
resin changes its color to yellow as it -d grades. Fig-. 
7 shows the increase -in* yellowing of polycarbonate 
resin with time of exposure. As can been seen, the de- : 
gree of yellowing saturates after approximately three -~ 55 
years exposure; Therefore, this known degree of yel- - 
I wing may be used as- a reference, for assessing the - 
degree of d gradation of any polycarbonate resin - ' " 



component As shown in Fig. 7, thre different grades 
of material can be : identified: grade I having a degree 
of yellowing of zero to 4.7 where is considered to be 
% of high grade, grade II having a degree of yellowing 
of 4.7 to 9.3 which is graded as a medium grade, and 
grade III having a degree of yellowing between 9.3 
and the saturation value which is graded as low 
grade. 

Since thVgraph of Fig. 7 assumes that the poly- 
carbonate resin has been exposed to external condi-' 

■ tions at all times.'a polycarbonate resin component 
having a given degree ^of yellowing may, in fact, be 
older than the graph of Fig. 7 would suggest. This 
does not matter; since the purpose of the grading of 
the component is to assess its degree of degradation, 
and thus the graph of P\g. 7, representing the most ; 

" rapid degradation of "polycarbonate resin, provides a 
reference against which any given component of poly- 
carbonate resin may be compared to assess the de- 
gree of degradation thereof. 

Another physical property which may be used is 
the break point elongation, which decreases with in- 
creasing degradation. The results of weathering tests 
based on break point elongation for various plastics* 
materials are shown in Fig. 8. The break point elcn-: 
gations were measured by using a Sunshine weather 

* meter (spray 12 minutes, 60 cycles, at 45°C) on spe- 

- cimens of 2 mm thick sheets of high density polyethy- 
lene, polypropylene, and ABS resin. Again;* different 
grades of materials can be distinguished by measur- 
ing the break point elongation. ■ - ' * 

It can be' seen from FigV8 that the break point 
elongation of ' both high density polyethylene -and ' 
polypropylene diminishes rapidly after an "exposure 
time greater than three months, and the degree of 
degradation can be divided fnto three grades (grade 
J,M. and III) as before. Again; sificeTig. 8 assumes that 
the materials are constantly exposed^to external con- . 
ditions, the rate of change oPbreak point elongation 
with time may vary for any given component -'of the 
corres pond in g^plastlcs material, since it may be ex- 
posed only intermittently. Afcjain, this does not matter- 
since the graph of Fig, 8 then represents -standard . 
conditions against which the degree of degradation *. 
can be-compSred. 

* The fact that the degree of degradation may vary 
depending on the conditions to which the used prod- 
uct has been exposed means that U is^preferabJe to 
assess the degree of degradation based on physicalr 
conditions, rather than merely orrrnanufacturing date 
" derived from'elgra labeUor other information. This is 
illustrated by thegrapfrrof Fig. 9, in vwhiclrthe degree 
of color change of p'olycaYbonate resin is illustrated 
for thre curves a, b'ahdc; representing components 
which have bgeri»ex0osed tadif f rent:en'vironmental 
' conditions. Curve a corresponds to full: exposure to 
' -external conditions; and thus to the curve of Fig. 7. 
Curv s b and'c then correspond to lesser. degrees of 
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exposure. As shown by points A.andB c -ent com- 
ponents of polycarbonate resin having tr-„ same age 
may have different degrees of yellowing, and thus fall 
into different degradation ^grades, even though as- 
sessment based on age only would give the same , 5 - 
grading. 

It is also possible to assess the degree of degra- 
dation by loss of additives in the component. For ex- 
ample, additives may -be : lost by abrasion, and.. the 
amount of such additives that are lost were given an jp . 
abrasion operation. will vary^with the degree of deg- ...t. 
radation of the component. The graph of Fig. 10 itlu&- :): 
trat s this for polyether solfone resin to which glass 
fibre has been added. By mejasuring the abrasion 
loss, the glass fib/e addition ratio may be determined 15 
and the materjal graded ; accordingly^. :i r t 

It will be appreciated that it is easier to determine,- " ^ 
the degree of degradation ot some components of a . 
used product than others. In particular, the tables of 
Figs. 7 to 10, above relate to plastics materials and 20 
resin materials,, and it mayJ>e harder to assessrthede- , - 
gree of degradation of oth er materials by ^direct me asr. , :c 
urement of physical-properties. However, if a used- 
product is composed of a, plurality of. composite .ma- 
terials, and it is possible to determine the degree of 25 
degradation of one of ^.e^cprpposite materials, that in- 
formation can then be used to estirnate tjie degree of 
degradation of other of the composite materials. : t ». -_ : 

For example, if one of the comppnents-of.a used-.. :l 
product is of polycarbonate resin, assessment of the 30 
yellowing thereof .and comparison with the graph of. 
Fig. 7 may be- used tqdeterrnirje.an estimated expos- T 0O 
ure time, based on the degree of yellowing. Thesn^us-- - 
ing that estimatep 1 - exposure time, the degree of -deg-.. t - 
radation of other, components, of the used product . 35 
may be estimated, based on other standard degrada- 
tion curves. Thus, for. -example,' if- a component, of j - 
polycarbonate resin is assessed as being of _grade II, 
based on the degree of yellowing, Fig. 7 shows that 
it must have been exposed for more than six months, 40 
and thus any component of e.g.- polyprop^ene.will be, 
of grade 111, as can be seen frojrn Fig.JB. Itwoujd then .- - 
not be necessary to determine the break poi^elon- 
gation of such a polypropylene component, since the 
degree of degradation could be estimated from a . c .» 45. 
measurement of the yellowing of a pplycaitonate -res- 
in component of the same used product. .»..;. 

The present-invention, te- applicable to many, ma- 
terials. It may be applied to both §ingle materials-and .- , 
composite materials. In particular, it may be applied^ jso. 
to: 

(1) Single- materials; . - : , . - 

Thermoplastic resins (polyethylene, polypro- _ - 
pyl ne, polystylene, ABS resin, polyvinyl; chlor- . 
ide, polyamide, polyethylene terephthal ate, poly; «. 55 
butylene tere phthaj ate, poly (methyl- methacryr . 
late), polycarbonate, poly(phenyiene ether), pply^i ;: 
ac tal , poly(et he/ jcetgn e) .- AS resin-, etc.) ^ - .. . - F . ; , : , 



Thermosetting resins (phenol .resins,, urea 
resins, melamine r sins, epoxy resins, unsaturat- 
ed polyesters, aniline resins, polyurethanes, 
polyimides, etc.) 

^<--Rubbers>(Synthetic rubber, natural rub-, 
ber) ^. . 

( Metals (iron, aluminum, copper, noble me^ 
a!s>j gre metals. alloys) 

Miscellaneous, (glass,, ceramics, paper, 
cellulose) 

(2) Composite materials; 

A combination of at least two kinds of plas-. 
tics, plastics and metal, plastics and glass, plas- 
. tics and ceramics, plastics and rubber. 

Fig. ; 11 shows an example of a control method in 

- an identifying/dividing control apparatus for recycling 
resource material in a system for. renewing used prod- 
ucts in accordance with trie present invention. The 
control apparatus performs selection of the recycling 
resource materia! producing process for identified, 
and assessed. components and the transferring con- 
trol for dividing, based on the specified degrees of 
degradation assessed. ^ .., 

A component identifying apparatus 72 reads a 
display or label... on a., .disassembled component .or 
measures its. physical .properties., lf The information . 
.thus derived is transmitted to a identifying/dividing 

= ^control apparatus 71, ancillary information such as 

5 the basic properties of the, material,- manufacturing 
date, etc being retrieved from a data^ase.using infor- 
mation derived from a display or label.. Hence, the de- 

\ gree of degradation of the disassembled component 
can be assessed. Following this assessment, recy- 
cling resource producing processes 74, 75, 76 are se- 
lected, a delivering apparatus 73 delivers each grade 
of material to an appropriate process according to the 
instruction. Each of the recycling resource producing 
process has different number of steps and different 
content. The process 74 comprises a melting process 
74a, a purifying fjlter 74£,^a first reforming process . 

... 74c, a second reforming process 74d anda pelletizing 

- process 74e. The process 75 comprises a melting 
process 75a, a purifying filter 75b, a reforming proc- 
ess 75c and a pelletizing process 75e.-The process 
76 comprises a melting process 76a and a pelletizing 

.. process 76e. ; The .treatment cpnd.Uion-in^each proc- 
; h ess is control led accord ing to an instruction based on 
• 3 the physical property information for ; each^ material 
- • transmitted f rqm the^ identifying/div^Jing control ap- 
* u paratus 71. Thus, the duration of paction. time and/or 
the kind of reforming additive agentsare determined 
. by means of comparing the physical property infor- 
:i mation of each mat rial with the base values for stan- 
dard materials^stored in advance. 
: According tct the present invention, in renewing 
used products, the quality (d gr e of. deg radation) of 
a recycling resource material is managed to. provide 
stable recycling resource mat rial. Therefore, opti-. 
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mized products suitable for high quality products can 
be reproduced. In this way, production of recycling re- 
sources is repeatable, and effective use of resources 
can be achieved. ' - . "* 

Further, by means of performing optimized trans^ 
ferring management by controlling the incomings and 
outgoings of storage sites" for components or material ; 
in each process and by controlling operation rate of 
transferring means, the total amount of stock can be 
minimized, the capacities of storage sites can be re- 
duced, the transferring cost can be minimized. 



Claims 



A method of recycling a used product in which the 
used product isdivided (2) into a plurality of com- 
ponents and recycled (7,8,11); '* r - 
characterized in that: 

for at least one of said plurality of compo- 
nents, the degree of degradation of at least one 
material of said af least one of said components 
is assessed (3,4) from a range of degradation val- 
ues; and r * ' v *' 

the recycling (7,8, 11 ) of said at least one of 
said components is !l on the^basis of said degree'- 
of degradation. ' ? J| ! " 

A method according to claim T, wherein each of 
the materials forming ^said" at least one of said ■ 
components is assessed prior to'said assessing 
of the degree of degradation of said at least one 
material. ! ° - 

A method according to claim 1 or claim 2, wherein 
the assessing (3'J of the degree of degradation is 
carried out on the basis' of thV date of manufac- 
ture of said used product. "' " 1 

A method according fto dainvf of clainV2, wherein 
said assessing (4) of the d egree of degradation is 
carried out on the Kasis'of at least one physical 
property of said : at" i east one material'of said' at 
least one "of said components. 

A method according to claim 4, wherein said" at 
least one physical property is selected from* the 
group consisting of density, deformation temper- 
ature, brittle temperature, refractive index, ther- 
mal conductivity, volume specific resistivit ^"with- 
stand voltage and dielectric "constant. 



5. 



6. 



A method according to any one of the preceding 
claims, wherein the dividing of said used product 
includes identifying those "of said' components ~ 
which are of plastics, and said assessing (3,4) of 
the degradation is carried out on the components 1 
which are of plastics. 1 " ■ ■ * r * * - ; 



7. A method according to any ne of th preceding' 
claims, wherein the dividing (2) of said used prod- 
uct includes identifying those of -said compo- J 
nents which are of rubber, and said assessing 

5 (3,4) of the degradation is carried out on the com- 

ponents which are of rubber. 

8. A method according'to any one of the preceding 
claims, wherein said recycling of said at least one 

10 of said components includes adding a reforming 

agent to saidHriatefiaJ of said at Feast one of said 
components. 1 " ' _ • • - * * : 

9. A method according; to any '-one of the preceding' 
15 claims, in which Only those components for which-' 

: the degree of degradation of the material thereof 
is less than a predetermined value are recycled, * 
other component$ : being discarded. 

20 1 0. A method according to ! any one of the preceding ^ 
claims, wherein- the' degree of degradation of an- ir 4 
other component 6f the used- product is estimat- * 
ed, and said another product is recycled on the- 
basis of the estimated degree of degradation. ' " 

E 1 U 1 A method of fe'cyclirig a used product, 1 said used V* 
7 product being of a plurality of composite rriateri- ~f '' 
als, wherein at leasl some of the composite ma- ; 
terials are recycled : (7 ,8,11); 
30 - ■ characterized in that: 

the degree of degradation of at least one °" 
" of the composite materials is^ssessed (3,4) from 
a range of-degradation Values; 

the degree of degradation of at least one 
35. other of the composite materials is estimated; 

and ' 1 . . J 

the recycling (7,8,11 ) isori the basis of the 
respective degrees of degradation. 

40 12. A method according to claim 10 7 6r claim 11', * - 
wherein the estimating of the degree of degrada- * 
tion is carried out on the basis-of the assessing 
of the degree'of degradation. 

45 - 13. Amethod according tb any one of claims 1016 12, 
wherein the assessment' of the degree of-degra- 
- dation is carried out on rubber or plastics materi- 
als, and the estimatingof the'degreeof degrada- 
tion is carried 'out-on materials other than rubber' : ' 

so or plastics materials. : ■. - 

14.- An apparatus for recycling a used product com- 
prising: 

- - means for dividing said used product into 

55 a plurality of components; and * 

* ^ ' • meansfor recycling the components 1 ; ' c *^ 

iC * characterized by: : ; * :x -'*- £ "- : s * 7 

means for assessing the d gree cfdegra- 
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19 
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20 



dation of at least on materia! of said at least one 
of said components from a range of degradation 
values; 

wherein the recycling means is arranged 
to operate on the basis of said degree of degra- 5 
dation. 

15. An apparatus for recycling a used product, said 
used product being of a plurality of composite ma- 
terials, having means for recycling (7,8,11) the 10 
composite materials; 

* characterized by: 

means (3,4) for assessing the degree of 
d gradation of at least one of the composite ma- 
terials from a range of degradation values; and 15 

means for estimating the degree of degra- 
dation of at least one other of the composite ma- 
terials; 

wherein the recycling means is arranged 
to operate on the respective degrees of degrada- 20 
tion. 



corresponding storage site, and the process as- 
sociated with each storage site being fed by stock 
from the preceding storage site in said series of 
storage sites; 

characterized in that 

the amount of stock transferred to the 
process of a first one of said storage sites from 
the storage site immediately preceding said first 
storage site depends on the amount of stock in 
said storage site immediately preceding said first 
storage site and the rate of change of stock in the 
storage site preceding said immediately preced- 
ing storage site in said series; and 

the amount of stock transferred from said 
first one of said storage sites for the process of 
the jrnmediately succeeding storage site de-. 
pejids eri the amount of stock in said immediately 
succeeding storage site and the rate of change of 
stock in the storage site succeeding said imme- 
diately succeeding storage site in said series. 



1 6. A method of controlling stock at a series of stor- 
age sites, each of said storage sites having an as- 
sociated process which generates stock for the 
storage site corresponding storage sites, and the 
process associated with each storage site being 
fed by stock from the preceding storage site in 
said series of storage sites; 

characterized in that: 

the amount of stocK transferred to the , 
process of a first one of said storage sites from 7 **' 
the storage site immediately preceding said first [ 
storage site depends on the amount of stock in 
said storage site immediately preceding said first 
storage site and the rate of change of stock in the 
storage site preceding said* immediately preced- 
ing storage site in said series. 

17. A method of controlling stock at a series of stor- 
age sites, each of said storage sites having an as- 
sociated process which generates stock for the 
corresponding storage site^arid the process as- 
sociated with each storage site being fed by stock 
from the preceding storage site in said series of 
storage sites; 

characterized in that: 

the amount of stock transferred from a 
first one of said storage sites for the process of 
the immediately succeeding storage site de- 
pends on the amount of stock in said immediately 
succeeding storage site and the rate of change of 
stock in the storage site succeeding said imme- 
diately succeeding storag site in said series. 



18. A method of controlling stock at a series of stor- 
age sites, each of said storage sites having an as- 
sociated process which generates stock for the 
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© A method of recycling a used product, and an apparatus for carrying out such method. 



© When recycling used products, each product 
is divided (2) into components, each compo- 
nent being of one, or one main, material. The 
degree of degradation is assessed (5) for at 
least one of the materials, and recycling is 
carried out on the basis of that assessment 
Normally, the degree of degradation will de- 
pend on the type of the material, so it is nor- 
mally necessary to determine this after the 
product has been divided into components. In 
some cases the product may carry a label or 
other display which gives information about the 
age of the product, in which case the degree of 
degradation may be assessed on the basis of 
that age. Otherwise, the degree of degradation 
may be determined on the basis of a physical 
property of the material. Physical properties 
may also be used to determine the material of 
each component 
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